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The purpose of
.
..

radiological safety..

INTRODUCTION

.

this brochure is to retiew briefly the (a)

criteria, (b) ,d.ataon radiation exposures from

,,
fallout, and (c) measures to protect the public related to nuclear

weapons tests at the Nevada Test Site. The radiological safety
.-J
.:. ;

criteria are under constant surveilhnce and probably wilJ be re-
-,.

-ed as a result of additional data from OPERATION PLUMEWB.

,.
The exposure data, of course, willbe up-dated after OPERATION

PLUM31DB.

It is not the intent to cover here Project Sunshine or ex-

posures from low level long--livedgamma emitting isotopes. Rather,

..
:.

akost entirely with the more immediate

testing at @e Nevada Test Site.

report. Suggestions are most welcome.

~~d~n M. ~1-I-Ifiqj

.,: ., ..+. ......... .......-” .. ’.,.,.- ,.. . . . . . .. . ..-.
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, I. HISlORY OF RADIOMGIC~ SJWETY CRITER13 F3R THE

NEVADA TEST SITE
..

.

W1OW we perttient a%stracts and condensations from past deliberation

On the raWok@cal safety criteria rekting to nuclear weapons tests.

I. ~er (Ja~ry-Feb~ry 1951)
#

“It had been previously a~eed that exposures up to 3.0 r would be

,; permitted for the Operation (2~Or for individmb planning to psrtici~te

in Operation Greenhouse);S WT-20~ Operation Ranger Vol. 5 Rrogm Reports -

Opetationd.

[mere was no statement on off-site exposure~

II. Buster Jangle (Ikdl 1951)

A- “1. -The external dose to non-participating inhabitants, 6f radia-
tion from gamma rays, shall not exceed the accepted international
,~rmissible dose level of 300 m/wk (1.8 mr/hr ) .

,.
,,



,..*

,.. r.

B. “1. The external dose to non-partici~ting inhabitants, of radiation
.

. from gamma rays, shall not exceed the accepted international permissible dose

( )level of 300 m@$, which may be integrated over a maximum of 10 weeks ●

“2.. At a point of human habitation, the activity of radioactive

particles in the atmosphere, averaged over a period of 24 hours> shall.be

limited to 100 microcuries per cubic meter of air (correspond@4 approxi-

mately to a ground level gamma intensity of 30 mr/hr).

“36 The 24-hour average radioactivity per cubic meter of air, due to

suspended particles having diameters in the range O micron to 5.0 microns,

shall not exceed 1/100 of the above; nor is it desirable that any individual

particle in this size range have an activity

calculated 4 hours after the blast.”

Meeting Jangle ”FeasibilityCommittee,

and 22, m~l) .

greater than 10-2 microcuries

Washington, D. C., July 13,

S.gr of gamma

to the rate at

frojmDr. Shilis Warren to Carrcll Tyler, NAn.ager’bTGOj



7.11. TumbIer-Snanuer (spring 1952)

B. n—-An ad hoc coqqijjje~mposed of authorities in the fields ofmefi-
.. tine and roentgenology has given careful study to the exposures which

may be safely received by the public as a result of nuclear test
detonations. This committee advised the United States Atomic Energy
Commission that a tctal dose of 3 roentgens in any period of 10 ueeks
would not exceed safe levels. The dose of 3 roentgens ma~ be received

as a result of a single exposme or a nmber of successive Aler
exposures, but the total exposure during the 10 weeks should not exceed

.* 3 roentgens.—”

n—Amsximum petissible air concentration for mixed fission produots
following a nucleax detonation has been established by the United
States Atomic Energg Commission upon the recommendation of an advisory
p~el of experts. This concentration is 100 microcuries per cubic
meter of air> averaged over a U-how P~riodo—-W

n---It is estimated that water containing total fission produot activity
“amounting to 0.005 microcurie per milliliter 3 days after the fission
produots were formed could be used safely for any period of time.---”

Atomic Energy Commissions 13th Sgmi-Annual Report to Congress, Jul.y-

%ceaber 1952$ ??. u3-u.6.

n-.th gG—_..’-. has adopted a policy of limiting exposuzzeswhenevsr------
possible ic a t~cal of not rwre than 3.9 roentgens over a period of 13

-7-..:-..-=IJ-tb.elength of the 1953 test period.”-.-=eks,spa..:.—=...

-. .--
“-..

body irradiation and corrected b~ a factor to reflect the effects of

shielding and weathering.”

Committee to Study Nevada Proving Ground} Spring 1954.

-5-



VI. Jangle Feasibility Committee, JS.IXEUY20, 1954-

Criteria for-air concentrations were dropped since.they were origirdly ..

proposed as a means of esti~ting etiern~ g~ dose rates at ground

level and better methods to do this were now apparent. Collection of ~

data on air concentrations were to be continued for documen~ purposes.

.* VII* - Ooeration Teauot (Spring 1955)

~iolopical Safetv Criteria and Procedures for protecting the public

.
During Weapons Testing at the Nevada Test Site, February 1955 approved by the

Cmmission February 11, 1955 for Operation Teapot. These were rerised

(See Section 11 B) page 8 for Operation Plumbbob.

VIII. operation Plmbbob (Spring 1957)

.,.- . . ..-. ., ,
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11. CURRENT RADIOLWICM SAFETY CRITERIA

A. Radiological Safety Critefia for Occupational.Exposures at the Nevada Test Sil

W& light of the recent National Committee on Radiation 13rotectiLon

recommendations concerning macimum

to man, we recommend the foll.owing

gamma exposures incurred onsite by

Site:

permissible radiation e~osures

criteria for whole-body external

personnel at the Nevada Test

a. A maximum of 3 r within a 13-week petiod. This

pefiod may encompass any 13 consecutiw weeks at NTS.

b. Amaximum of S r total within a period of one year.

As,in the past we agree that the prerogative of permitting e~osures

greater than

Test Mnage r

-...’. .- ,’... .

these limits for exceptio~l cases lies only with the

and Test Director----~

Letter from Dr. Charles L. Dunham
to }lr.James E. Reeves, dated
February 20, 19~?

. .

,,. . .. . . . . . .,” ., ..-. . . -,, .
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H. B. Radiological Safe% Cfiteria for the Public

INTRODUCTION.

The criteria and procedures set forth in the following paragraphs

were established after full consideration for protecting the health and

welXara of the public, lmth in terms of radiological exposure as well as

.
possible hazads~ hardships or inconveniences res~ti% ‘rem ‘iSnption

of normal activities. Cr5teria are established as @ides for the Test
e

Orgtization in determining whether any special actions should be taken

to protect the public.

These cfitefia are not established with the expectation that the

coming tests at the l~evadaTest Site actually will result in radiation

levels which will be greater than heretofore. ~ther~ they fo~~ze

loons arrd2i~2er towers fc~ detonating the nuclear devices, it is eWec-

be less than zhe highest amounts which have occurred in

~ss&Tc,ticn5=_Pemade in this report:

conducted at ~Ae Nevada Test Site.

b.

criteria

directed

The operational procedures adopted for meeting these

shall be the responsibility of the Test Managerj as

by the Division of Milita~ Applicationj with the

-8-



technical guidance of the Division of Eiology and Medicine..

The following criteria do not apply to domestic or uild animals

since levels of radiation whichmfld be significant to them would have

to be higher than those specified herein.

. ...- .,-

. . .

. -9”

‘9



The

reasons.

on.-

decision to evacuate a

One, presumably there

---- --

Evacuation .

Background

community is criticaJ.for two principal

might be a health hazard if the personnel

h

were allowed to rema~= Two, there is always an element of danger and/or

hardship to personnel fivolved in such anmergency measure.

It is recognized that extenuating circumstances may accompay any

situation where conditions tidicate evacuation as a mode of action. The size of

the community, areas and accommodations available for the evacuees,

weather conditions, means of

position of ambulance c~ses,

many other factors nay enter

transportation and routes of evacuation, die-

protection of the property left behind, and

into the decision relative to evacuation.

reccg.ize~ that ~’der Certati conditions, the evacuation

r.i$t r.cz~E~y prove rather ineffectual but could result in

expcs”--ezkn if the population remained in place until...

k.climtis. .,

%ing to the necessity of making early measurements and decisions,

-iO-



it is to be expected that dose-rate readings, taken with survey meters, will

be the available evidence at the times of concern. ~his necessitates making
.

rough approximations in advance of the effects of weathering and of shielding

from normal housing, in reducing the radiation exposme. . The variable nature

of these two parameters makes impossible the establishment of a precise

rule covering all situations. Therefore, the following may be used in..

making conservati= estimates of these effects:
..

as For weathering -- the measured gamma dcse rates at three

feet above the groundbe assumedto decay accordingto (t)-1”2

for the first week after a detonation, (t)-1*3 for the second

week, and (t)-1”4 thereafter.*

b. For shielding -- the accumulated dose per day be 25% less

thaiithe out-of-doors dose.%+

In the case of a tmly emergency situation where potential hazards

may exist either fro= the fallout or from mass evacuation of large popu-

lations, ii ‘A3ulc!sesn prs?er that due consideration be given to the

“
-,:

. . . . .

TF,isis based on an average 12 hours per day stay in a frame house having
an attenuation factor of two. It is recognized that sone individuals
will be in buildin~s having higher attenuation factors and for longer per-
iods of time. On the other hand, this is generally an area where people
may live an appreciable amount of -timeout of doors and where windows and
doors are left open, so the fallout material may enter buildings.
Again revision of this est~ate ~Jilla}~aitthe results of the expanded
radiological pro5.--a~lC: (2p2r2ki9nPLT.?iEW)3,

--11-



in time (recognizing that such effects from
.

life shortening may not be time dependent).

radiation as genetic changes and

The estimates for biological

repair for man are quite uncertain so a conservative value is used here of

a half-time of repair of about four weeks.

Graph I incorporates the above factors ofweathertig, shieltig,

and biological repair into a single curve. This graph may be linearly ex-
. ...

trapol.atedto other dose rate readhgs. For example, if fallout occurs

three hours after destinationand

67 r (effective biological dose)

the dose rate is 10 r per hour, then about

may be accumulated, i.e.,

%%
X 1.0 = 67

CRITERIA I

Effective Biological Doses may be calculated accordtig to GraphJI

Wile I may be used in evaluating the feasibility of evacuating reti-

tively lar~gepopal=ticns.

T}.BLEI



SECTION=----- --
.

PERSONNEL REMAINING INLOORS

Background

~ remaining indoors (a) the gamma exposure will be reduced, and (b)

there is less possibility that the fallout materialwill come into contact

with the skin. (Beta burns have occurred in the past only when the fallout

material has remained in direct contact with the skin.) To prevent or

greatly reduce this latter effect, it is highly desirable to make decisions

before or very shortly after the start of the fallout. Likewise, partial

shielding at these early times will be of optimum benefit due to the

relatively high gamma dose rates. Thus, the decisions must be based on

predicted fallout in an area, or on dose-rate readings from field monitors’

reports.,

These predictions are of course subject to va~ing degrees of un-

certainty sc that perscr=sl may be asked to remain indoors unnecessari~v.

On the siker hand desisic25 and action must be.taker?relatively quickly

if opt~-:~ benefits are :0 be derived and remaining indoors until the

Y’ne ;krsk.aiiese eqwrier-cs 3AiOWe< SIJCti ell”eccs

175’ r and 59 r whole body gamiiaradiation9 but

on the Island of Utirik (370 miles from ground

for tk.osepe9plG expcset 50

none for those individuals

Zero) receiving I-4roentgens.

Mhether tk,eseresults would hold true for other situations is not kno%m,
.

-13-



i.e.j different particle size ~s~ibutionj ~f=ent tm s~~ etCO At O=

locationj Ri=side cab~s~ N@vad% about IS people were in an area re-

ceiving fallout in an aiiountequivalent to infinity dose of Is roentgens,

with no known cases of beta burns, although it is not known if anyone was

out-of-doors during the time of fallout. Until more is learned of this

phenomenon, it Wofid appe~ adfisab~e ~ remfi out of tie fiect f~out

when the amount would be such as to produce about 10 roentgens gamma in-

fini~ dose as measured at t~ee feet above the ground. In the event

personnel are out-of-doors during the time of this amunt of fal.lout,the

possibility of beta burns could be greatly reduced by the simple expedient

of changing clothing and of bathing.

If people werq not asked to remain

highest closerates fi.an area where the

more, ‘lCS-2*actti e= es-i-emight be in

body ~a~.a Tlis wc’d~t nc.tnecessarily

indoors during the period of ~

infinity dose was 10 toentgens or

excess of 3.9 roentgens of whole-

be hazardous but would exceed the

CWIEZIA II

cop.ciiticns

In the event that there be convincing evidence that the radiation
,

levels glvrn in the graph will be reached9 it 5s recmmen2ed that persom?l

be requested to remafi indoors BEFORE fallout occurs or before the

--3Jl -



. .

radiation levels equal those in Graph II.
-.

tive action should be made on the basis of

radiological conditions.

It is recommended that people who had

.. . . .

.

Release from this restric-

further evaluation of the

been out of doors during

fallout of the above magnitude or greater be advised to change

clothing and to bathe. The clothing may be cleaned by normal means.

Wile bathing, special attention shouldbe paidto the hair and any

exposed parts of the body-

In the event that the monitoring takes place AFTER the fallout

has occurred, and extrapolation

or exceeds those in Graph II at

it is recommended that the same

pa-a~~aph.

of the dose rate readings equals

the estimated time of

advice be given as in

fallout, then

the precedtig

. .. . .. . . . .. . . . .. . . . . . .. .. .... .,“.

,..
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SECTION= .---- ---

DECONTAMINATION OF PEERSOIWIEL

Background

The prticipal purposes for deccmtaminati~ personnel are to reduce

the potential beta doses to the skin, and to a lesser degree reduce the external

:
_ e~swe. The discussion on beta doses in Section II is applicable here.

*; b addition, there is much unknown about monitoring methods for personnel con-

tamination. The

of measuring the

beta

have

ably

radiations)

followl.ngcriteria were previously developed on the basis

gamma radiations (and then extrapolating to the accompanying

tith exisking instruments. Recently new field instruments

been developed for direct beta measurement, but there remains consider-

more work necessary to calibrate them in terms of beta dose rates to

the body. m-til this is ec=@ished2 the past criteria MY be used.

CRI’lERIX111

be advised to bathe and to change clothing.

.

-16-



. . field

areas

For personnel being monitored outside the

where personnel contamination exists over

of the EXPOSED body (one-half square foot

general radiation.

relatively large

or more):

When the reading of a survey instrument held with the

.,

center of the probe or center of the ionization chamber
four inches from the center of the contaminated area,
equals or exceeds the values given in Graph 111 it is recom-
mended that personnel be advised to bathe and to change
clothing.

For personnel being monitored outside the general radiation

field where personnel contamination exists over relatively small

areas of the EXF’OSEDbody (less than one-half a square foot):

The recommended maximum values are one-half those given
in Graph III. Mmitoring of the head, arms, hands> ~o~”er
legs, and feet will be considered as copdng imder this
caiegory,. Washing may be limited only to the contaminated
~zts, and .SISOa change of clothing ray not be indicated,
uil.essthe radiatio~ levels exceed those stated below con-
cerzLin.gmcmitor-~ of exterior suxfaces of clothing.

r.- ~rsor.~-~: “~~;~-. #- _ =onitored outside the general radiaticn

field, a=: the cmza=i=iicm exists over only spots of’EXPOSED body

“ lj>-~~~~~~iqq:i’2C~ 52-; CL
. . ..

~na ~~cg~.~p~.~~ -~~]~~s *&7~~~ ~~.~Se CCllfiit2C:M ~:= tiJiC~--- - -

those given in Graph 111. Tne first recommended action
shall be to resort to such simple acts as brushing off
the clothing. If this action does”not reduce the radia-
tion ~evel~ to tfice ~~ose given in Graph III or less, then
persomel should oe advised to change clothing and to bathe.

-17-



Wken the general contamimtion of a community is of the degree

to produce an estimated maximum theoretical infinity gam& dose of

20 roentgens or greater, personnel who have been out-of-doors at

any time during the first two days and generally moving around

in the area (as apposed to such an act as walking only between a

building and a vehicle) should be advised to brush off the footwear
s:

(outdoors)2 to bathe and to change clothing as soon as possible

--9 after the final return indoors each day. b addition personnel

who go out-of-doors for any length of time during the first two days

after such a fallout should be

after the final return indoors

possible.

. .

. .

advised to wash their hands at

each day, and more frequently,

least

if

. ..,.

.. . . . . . . . . . . >. ...,- .. . . .’:

. .

-18-
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SE CT IO NIV----- ___

DECONTAMINATION OF MOTOR VEHICLES J

Ba- mnd

The principal purposes for decontaminating motor vehicles are to

reduce the potential beta doses to the skin by contact with the vehicle,

and to reduce the external gamma exposure. All of the uncertainties in--:

herent in personnel monitoring are applicable here plus additional ones,
..>

such as estimates of the probability of contact and the amount of trans-

fer of radioactive material from the vehicle to the skin- The following

criteria for monitoring motor vehicles (Graph ZV) were previously de-

veloped, and until the new beta measuring instruments

are calibrated, will.continue to be reco~ended-

O~e method of avoiding or significantly reducing

(see Section.IIX)

vehicle con-

-.

-19-



.

that traffic be temporarily halted until the fallout has essentially

ceased.

CRITERIA IV

It is recommended that when the predicted fallout across a

.. main hi@way hequivalent to

..- _ dose, vehicles be held

ceased.

Graph IV maybe used in

10 roentgens or greater infinity

until the fallout has essentially

determining the advisability of

decontaminating motor vehicles. The

be held with the center of the probe

chamber four inches from any readily

survey instrument should

or center of the ionization

accessible surface.

-,. ,. . . .
. . .. . . . ,. .. t.- .:. ..,-: . . .,, , . . . - ..

-20-
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SE CT IONV----- —.- .

CONTAMINATION OF WATER, AIR AND IUODSTUFFS

Background

fi any area where the theoretical gamma infinity dose exceeds 10
)

. roentgens, adequate sampling of the

made to ascertain the conditions of
-..

other reasons than as precautionary

water, air, and foodstuffs should be

possible contamination, if for no

and documentary measures. Based on

past tits, however, it is not expected that under those conditions of

fa~out where the radiation levels are below those stipulated for possible

evacuation> that the degree of contamination would be a health hazard.

I@ is it imp13ed here that any level above this does constitute a se?ious

conta-~~ation of ~=ter, air, or foodstuffs.. One good point of reference

is .AE ~~-s~~i’._.se ex~s~ience where the whole-body gamma exposure was

175 rcentge=s yet t>= fi%rnal deposition from ingestion and inhalation

was 2-E2.2:i’r5Q ‘-SQZQ . l-nthe event of a rektively heavy fallout, but

possible in areas where the ini”iniqlaose quais cr excee(islG.. . .’ ... . . .

r~ntgens. There need be no restrictive action impcsed on f~cd

and water intake in areas where the fallout is less than that

calling for evacuation. 17ashi~ off of such exposed foods as

lea~ vegtables may be advised when such action seems desirable.

-21-
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SE CT IONVI.— -- -.——

ROUTINE RADIATION EXPOSURES 4

Background

“The Atomic Energy Commission has adopted, as

3.9 roentgens whole body external gamma radiation

resulting from Operation Tlumbbob.

an operational guide,

for off-site exposures

The discussion in Section I on effects of weathering and shielding

on determining the actual radiation exposure is applicable here. However,

the factor of biological repair is not considered for routine exposures.

This factor bears on somatic effects and.may Justifiablybe considered in

emergency situations when it is necessary to weigh the relative hazards

from radiation versus mass evacuation. However, for routine exposures,

and

“’-, . . ... .. . . .. . .,.,-. . . .. . . . .. . . .

350~l=3
m

Section 1, the estimates of the effects of Weathering

range of radiation doses is to be expected for these people since they wiil



‘i.
i

../’
}’ .

not all be living under identical conditions. ‘he radiation doses esti-

mated by the

upper end of

radiological

presentmethod

such a range.

is expected to fall within and toward the

The information obtained from the expanded

monitoring program for Operation Plumbbob, should yield

a; refinements in the method of estimating the radiation exposures.

-. In those cases where film badges are worn properly by personnel,. ..

the values recorded may be accepted as the Estimated %se.

CRITERIA VI

Estimated Doses may be detemined.accortig to Oraph V. In

tkse cases where film badges are worn prope~ly by personnel,

the values recorded may be accepted as the Estimated Dose.

The whole-bc~ ga~ Estimated Ibse for off-site populations

~>iG.a~d riot e~c=e’s
3.9 roentgens resulting from Operation Plumbbob.

% <A.*S total cicss T2T result from a single exposure or series of

e.~sures.

,. .,., . . ....

-23-
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APPENDIX TO RADIOLQGICAL SAFETY CRITZRIA

FllRTHE PUBLIC

fie operational guide for

h drinkimg water shall be 5 x

concentrations of fallout material

10-3 microcuries per milliliter

extrapolated to three days after a detonation.

A method of estimating radiation doses to the lungs and of

evaluating these doses in contained h Appendix V-A.

. . . . . ., .”..’ ,.. .. .. . . . . . . . -,. .



III. RADIATION EXPOSURE RECORDS

A. External Gamma Doses

~ .*

The map following page l;, and the tab~ation

I
I

on pages 26 and 27$ Pre-
!

sents the estimated external gama radiation exposures around the Nevada

Test Site frm all tests except Operation Plumbbob. 1

The highest e~osure has

Nevada,

if they

where about 15 P ople

had continued to live

M--*e average exposure

!

been at a motor court near Bunkerville,

might have accumulated up to 6 rmntgene

there indefinitely.

to only those communities around the Nevada

Test Site that experienced the greatest amount of fallout (O.2 roentgens

or more) is 0.6 roentgens for the six years since the regular nuclear tests

uere star~ted. The rcurd numbers are S8,000 man-roentgens for 100,000 people.

If +&. ~-~~ cop~~~~y~t around the Nevada Test Site is erlaxxgedto include

eqosure is about 0.1 roentgens for the six

1/2 z-oentgenper thirty Ye=s. This is 1/20

National Committee on Radiation Protection

.,. .. . . ~“-
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. .. .

Location

m -.. -

Kil?grw?
Littlefield
M ~ Trmbull

NEVADA

roentvens

3.0
1.3

:::5
0.6
0.05
0.8

.2.0
0.05
O*O8

::;
0.03

;::
0.25
C.8

::?)
2.0
0.5
0.05
1.0
0.8
0.6

~:;

G:2
0.8
0 7,1/-~.* @ ‘:i ~:1:
‘.+7;
~, ‘2**L
1.0

Location rogntpens

Hoover Dam
Indian Springs AF Base
Johnnie
Kimberley
Lake Mad Resort
Las Vegas
Lathrop Wells
Lincoln Mine
Lockes Ranch
Logandale
Lund
Camp M2rcurg
Me9quite
McGiSl
Moapa
NelIis M Base
l!lorthLas Vegas

Overton
Pa.hruzlp
Panaca
Pioche
Preston
Reed
Round Mom.tain
Rox
Ruth
Sharp’s (Adaven)
Shoshone
Springdale
Sunnlysiiie

0.05

0.05
0.5
0.05
0.2
0.05
4.0
1.3
0.4
0.8
0.1
108
0.4
0.8
0.05

H
0..35
0.2
0.65
0.7

::;
0.05
3.0
0.5
1.2
0.7
0.02

Vnitrey o .
.urzLw!! .,. :,-, .’ . .. . .. . .

2.0 Peach Springs
0.03 Short Creek ;.6
L6 Wolf Hole 1.3
0.16

-.
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“ Estimated Ekternsl Gamna.Exposure for Communities Around the Nevada Test Site
(Continued)

Location

Alton
Anderson Junction
Beex Vslley Junction
Beaver

“8 Beryl
B&ryl Junction
Cedar City-“.
Enterprise
Garrison
Glendale
Gunlock
Hsmilton Fort
Hurricane
Kanab
K3narravillle
Leeds
Long Valley
Lune
l.’lflf~=~
ltiners~ille

. . .

.

roent~ens

0.8
1.2
0.4
0.25
0.5
1.0
0.4
0.7
0.7
1.2
2.6
0.6
4.2
1.6

;::
0.8
0.5
0.1
0.2

Location

Modena
Mount Cartnel
New Castle
New Hszmony
Orderville
Panguitch
Paragonah
Parowan
Pintura
RdcWille
Saint George
Santa Clara
Shivwits
Springdale
Toquerviile
Veyo
Virgin
Washington
Zane

. .

. .. .. . ..

.-). ‘“”-

-27-
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0.5
0.85
0.6
1.2
1.5
0.2
O*4
0.4
1.2
3.0
3.0
3.5
2.8
2.6
2.0
2.0

;:;
0.3

.. , ~, - ..’. -. ’,’

-,---- -., ---- j.-

,,. .. . .
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111. B. Activity Concentrations in Air

.

..

The highest measured concentration of fsllout activity in the air of

populated axeas was at Saint George, Ma-h on ~@ 197 1953j amo~tiw to

1.29 microcuries per cubic meter averaged over 24 hours. A calc~ation

of the possible lung doses from this fallout indicates a valw= probably

greater than 115 mrems and less than 230 mrms. This is less than the

dose to the lungs each month from naturslly occurring radioactive sub-

stances in the air, contained in Appendix V. A. An inspection of the other

data in concentrations in air shows that this single lung dose is also

higher than the accumulated lung doses from multiple fallouts in other

24-hour average concer.traticn
“J<-,-@::,7 (Microcuri.es ~er c?.~bicmeter)

-28-
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Uoshot-Knothole

Locslity

III. B.

(Spring

Saint George, W*
Lincoln Mine, Nevada
Mesquite, Nevada
Groom Mine, Nevada
Pioche, Nevada
NellLis}1 Base, Nevada
Ely, Nevada
Las Vegas, Nevada

Activity Concentrations in Air (Continual)

1953)

24-houi-average concentration
(Micromries ~er cubic meter)

1.29
4*Ox 10-1
1.7X 10-1
3.4 x 10-2
2.OX1O -2
1.7X 10-2
1.6 X 10 ‘2
1.OX 10-2

Atomic Energy Commissions 14th Semi-Annti Repcrt to Congress,
Januqy-June 1953

‘ ‘$eaDot(Spring 1955)

n---The highest concentration of radioactivity in the air following

any cne detonation was at Ely, Nevada. This amounted to about 6/100 of

a micreeurie per cubic =eter averaged over the 28 hours that the material.

was ~esszt ir.si=~.:ticantquantities. The highest concentrations in sir,

averz:?f fkr tbs 5z$L:5 s=iesP occurred at E1.y,Nevada and Alamo, Nevada

\J~@-.~.==~o~~ ~==$~~e-p?..- s.—...J.— radiation doses to the lungs from inhaling

. . . . . ..”,. .“.

-29-



111. C. Activity ~oncentra~~ons m water

The highest measured concentration of fallout debris

1.~ x 10-4 microcuries per mil..lilitirextrapolated to D +

in water was

3 days after detona-

tion. As noted in the Commission% 18th Semi-bud. Report to Congress, thtr

tt --- is about 1/36 of the operational guide - an amount that is st~ considered

safe even if the water were to be stored and used as the sole source of supply

for a Mfe time.’~ (See Appendix V. B. for discussion of criterion)
.
.

Buster-J,angle(Fall 1951)
.-.

Sti samples from Lake Mea& shuwed negative results.

Tumbler-Snapper

Date

(Spring 1952) Approximate
distance

from ground
~ero

(a& miles)

May 1, 19S2 Crystal %rfigs pond 63
May 1, 19S2 Pakranagat Lake ;;
May 2,’1%2 Ca.liente - Drinking Water -
May 2, 15S2 Creek ltorti~of Calienti 97

Analysis
[microcuries per milliliter
at 3 days after detonation)

0.5’x 10-8 microcwies
1..0x 10-8 microcuriet
0.28 XIQ-8 microcuries
1.1 X10-8 nd.crocuries

Locality

Concentration microcuries ~r
milliliter extrapolated t(l
3 days after detonation

. .

>.

. .. . . . . .

Teapot (S::ing 19%) milliliter ‘eh- a~ola+ted”‘m 3 days
Locality after detonation) ,

Upper Fakranagat Lake~ Mevada 1.4 x 10-:
Waterhold near State (Nevada) Highway 25
Meado~?Val.ley (Nevada) Wash

9.2 X 10-5
3.3 x 10-~

Atomic Energy Commission$s “184.hSemi-Annual
J2a-2a7:;--.June-!L9.<5,n. ?0.

-30-
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Iv. MEASURES TO PROTECT THE PUBLIC

.
.

-.

‘IkeNevada Test Site covers an

withti.eadjacent 4,~~o square miles

range. Surrounding these areas are

area of about

bei~ a U. S.

wide exparnses

600 square miles,

Air Force Gunnery

of sparsely populated

klna. FOZ.general ssfety, as well as sec~rity, the Nevada Test Site is

clcsed tc the public. Aerial sad surface surveys are mde to insure that

30 persorm cr adi.malswander into the area. Each zmclear detonation ic

As a part of the Test Organization there is an advisory panel

of experts in the fiel?s of biology aad r.edici~.e,blast, fallout pre-

~ietioa a=~ meteorology. A Seyies of meetings is held before the fir-

12g of e=ch shot t: %-ezgkcarefully all factcrs related to the safety

vices a-e tested at IWvada. S:Lr_:ethe gr&ter the

,.

tie-

fire-

,. ball drove the s.aface the less is IZe fallo’itknearby areas, the

-31-



test towers have been extezded to 500 feet, and durringOperation

Plumbbob (Spring 1957) there will be at least cne 700-foot tower. Alsc),

a new tech?ni~~eof using captive ballao~~ is being developed. Exten-

sive tes:,sare bei:~ COndI.Kt.ed. ~0 determine the feasibility of detonati-~

nuclear iievicesso far Undeygrou.ndthat all of the radioactive material

will remain captuzzedand tlr.m,of ccurse, completely eliminate any

fallo’u%.

Prior to each nuclear detonation a “warning circle” is estab-

Ushed for aircraft, desi~ed to provide control of aerial flights

the azzea Gf predicted path of the atomic cioud. A representative of the

Civil Aerorfl~ticsAdministration is assigned to the test organization and

assists b establishing tb.econtrolled area. ‘his may typically extend

about L~C!xiles in radius and be Ln force for a period from about H

has bee:lassig-~~~ to ki.ve iV-cad: ZOPM3. His dutiestally qualified map._.

-32-



consist not only of normal monitoring activities but also, prior to.

and during the test ‘series, of learning the communities and families

in his zone, getting to know the people and having

In addition to the 17 zone commanders, as they are

eight mobile monitoring teams on call to go to any

them know him.

called, there are

locality to assist

if needed or to travel to areas outside the 17 zones..
.

I?our additional monitoring programs are also in operation.

--
One of these projects is primarily of research nature yet provides radia-

tioa mmitoring data out to 16o miles or more from

second program is a unique system of telemetering,

are placed in about 30 communities around the test

the test site. A

whereby instruments

site and connected

to conuc-rci.altelephone wires. The operator sits at the control point

and, by pl.acim< a WXm=l telephone call, receives back signals that are



U. S. PUELICHEALTHSERVICEMONI’IOR~G STATIONS

Albany, New York
# Anchorage, mSkS

Atlanta, Georgia
Austin, Texas
Baltimore, MaryMnd
Rerkeley, California
Boise, Idaho
Cheyeme, Wyoming
Cficinnati, Otio.

. Denver, Colorado
El Paso, Te=s

. Gastania, North Carolina

.
Harrisburg, Pennsylwmia
Hartford, Connecticut
Honolulu, T ● H .
~dianapolis, Indiana
Xowa City, Iowa
Jacksonville, Florida
Jefferson City Missouri
Jimeau, Alaska

Klamath ?%Qls, Oregon
Lansing, Michigan
Lawrence, Nsssachusetts

Little Rock, Arkansas
Ias Angeles, California
Minneapolis, Minnesota
New Orleans, Louisiana
Oklahoma City, Oklahoma
Phoenix, Arizona
Pierre, South Dakota
Portland, Oregon
Richmond, Virginia
Salt Lake City, Utah
Santa Fe, New Mexico
Seattle, Washington
Springfield, Illinois
Trenton, New Jersey
Washington, D. C.

AEC MONITORING STATIONS

Radiation Laboratory, University “.bf~~for.nia
General Electric Company - Aircraft Nuclear
Propulsion llepa~tment

Idaho Operations Office
Argonne National Laboratory
Los Alamos Scientific Laboratory
New Yo~k Operations Office
Hanford Operations Office
Oak Ridge Natio:nl hboratory
The Atomic Energy Project, University
Gf Rochester

RaLiobiology Laborabory, University of UtS2-L

-3L-
.



U. S. WEATHER BUREAU FALLOW SAMPL~G STATIONS

~las, Texas
R1 Rio, ‘i’ex.
Denver, COlo ●

ES Moines, 10~
Mtroit, Mich ●

Elkoj NeV.
Ely, Nev.
E~eka, Calif.
-go, r?.m
Flsgs+.aff,Ariz
Fort %ith, Ark.
Fresrio,Calif ●

Goodland, Kans ●

Grand Junction, CO1O.
Grand Rapiti, Mich.
(keen Bay, Wise.
Hatteras> N. C. ‘ ‘
Eelenq)~Mont ● ●

Huron,S. Wk.
Jackson, ~~ss.
Jacksonville, Fla.
Kalispell, Mont.
Knoxville, Term.
Las Vegas, Nev.
Rapid City, S. Dale
Reno, Nev.
Rochester, N. Y.
Roswell~ N.”.Mex”
Sacramento, Calif.
Salt Lake City, Utah
San Diego, CSlif.
San Francisco, Calif.
Scottsbluff, Nebr.
Sas.+t1.?, Wa.sL!-iPz+le”c .. ,...
sr2kEce’:;:3.:;1.
c. ~.,~j~s, i.:c.L..
Syracuse, ~~.Y.
Tonopah, ?kv .

. . ...-.

. . . w-if:li’ba) K= ~. , ‘.

wi]listo~, N . D*.

Winnemucca, l!ev.
yuma, Ariz.

.



.

AdclisAbaba2 Ethiopia
ihchorage, +.ash

-okY ~
Beirut , Lebanon
wlem, Brazil

BerlmldB
. Buenos Aires, Argent@
. Canal !Z4XE

Canton Istid
-. ChurchiU, lknitoba, C-

c~~ke Am3, Fhiliwines
Colcmbo, Ceylon
Dakar, French West Africa
Ik2q River, otta-~} on=io~ c-
Dhahran, %udi ~abia
Durban Natal, South Africa
Edmonton, ~ber~} c~ti
FSLtib@=, JAska
French IYigate Shoals
Goose Eay, ‘~brador
Guam
~~ovia, ‘+“+-is--.>.

Montreai, $=-~e~, c~’~
1

.

Hilo, ~~ii
Hirosh~, Japm
Honoltiu, Hawaii
Iwo Jima
Joh.nson lS~d
Juneau, ws~
Kefhvtij Iceland
Koror
K~jalein
Ia Paz} Bolitia ‘i

Lagens9 Azores
bgos, Nigeria

..

Leopoldvillej Belgi- CongQ
Lihue
Lima, Peru
Melbourne) Australia
Mexico Cityj Mexico
Midway Is-d
W.kn} Italy
Misawa, Japan
Moncton, New Rrunswick, Ca-ti
San Juan, Puerto Rico
-o Paul.o,Erazil
Seven Islands, Quebec, Ca=b
Sidi Slimane, IlrenchMorocco
Singapore
Stephenville, Newfoutind
Sydney, Australia
Tai pei, Formosa
Thule, Greenland
Tokyo Air Base, Jap-
Truk
W* Is~nd
IJnI.lj,p::bo~-, }T~-:??+L=....d ..- . . ........

l’heelis,iWZ+: :2;. p.:”1.i
.. ......----.! -;-.--,--- :;;.;.2.G2/___-..,.&-,>-----..--,-.
%?

. .

.
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v. APPENDICES

A. A METHOD OF ESTIMATING DOSES FROM FALLOUT ACTI~~ IN THE An

.
.

,-

1. Doses to the Lungs

Assumptions:

1.

2.

3.

6.

. . . . . .

5.

The

The

rate of inhalation is 20 cubic meters per 24

percentage of initial retention of particles

of the air-borne actitity is associated with
b.

respirable range.

a.
hours.

(and activity) is 25%.

particles in the

c.

The mass of the lungs.is 1000 grams and is u.nifomly irradiated.

Mean energy of the beta particles = O.4 mev. (The relative dose from

ga=a emission may be roughly 10% of the beta dose. Since this is less

than the uncertainties in other estimations described below, it wi31 not

kere.)

decre~~es according to the relationship of (time)‘1*2.

.,

-37-



-.

..

)

Method of Estimating Inftiity Doses ~ tie Lugs

w“

Calculate the dose rate for 1.0 wc/M3 - hour

A.

B.

For each one pc/M3 activity present in the * per hour,

(0.83) (0.25) = 0.21 VC of actitity are
on an assumed titake of
24 hours)

The initial dose rate to the lungs wi31

initially retained. (Based
20 cubic meters of air per

be: ““
-

(0.21) (VC) (1.3 x 108) (d/hr-p.c)(Q.4) (Mev) (1.6 x 10-6) (ergs/’Me~)=

100 [ergs/gm-rad) (1000) (grams)
-.

1.7 x 10-~ rads/hour

Calculate the ~fi=i.nity?ldose to the lungs.

A.300=51Lt where: At = dose rate at time of deposition Htnu
after detonation (hours)

t = time alter detonation that deposition
occurs.

D00 = infinitiJdose (rads) ‘

-n
A./. 230 = (5) (2.W ::m -+ (t)

,: -.-—

-38-
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--

The highest measured concentration of fallout activity in— ----
on May 19, 1953.latid offsite area was at Saint George, Utah.

event, sample calculations are made below.

Air Concentrations

4.0

2*3

0.62

0.43

O.olb

Midpoint of

~
detonation)

4s

8.5

12.0

16.0

24.0

(5)=

based

5

3

L

4

12

US mrern

air in a popu-
Using this

lx’”
a.

75
b.

19

18b”
b.

2.6

on

is

infini~ doses. The actual dose will be>

clifficult to estimate. It is probable

acti’tity)till be cleared from the lungs with

remainder may have a half-tine of rem-eve-lof

.aSsm?tia??

lung dose. However, it seems reasonable to assume the actual dose is less

than the infini~ dose and more than one-half of the maximum value.



Using the infinity lung dose as a basis of discussion, iti biologic~

significance may be appraised by comparison with lung doses produced by

natural occurring radioactive materials in the air (radon and thoron and thefi.

daughter products). These dose esttiates Isry due to dff erent assumptions

as to natural dr concentrations and percentages of activity retained in tie

\ lungs, but very roughly may be 10 mrem per day. Thus, using the example

given above for Sdnt George, ut~ the ~inity dose WaS cal~a*d as 230
.

mrads (or mrems in this case); the actual dose may be more than 11~ mre.n and

less “than230 mrems. This is less than the dose to the lungs each month

from naturally occurring radioactive substances in the air.

,..’ . .. . . .. . . . .. . . . . . .. ,., . .
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V. A. 2. lbses to the Thyroid

A method of estimating doses to the thyroid from inhalation

of fallout material is contained in the attached reprint “TVO

Ways ~ Estimate ~yroid Dose from Radioiodine in Fallout.”

b

,-

. . . . .. . . ... . ...~.. . . . .

. .

-41-
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Two Ways to Estimate

Thyroid Dose

Radioiodine in

from ●

Fa[~out
By GORDON M. DUNNING

I)iri.sioll of 1! ioloft!f flllrl .Ifedicinc

..”, .,$. “-- ..-

Feb. 1956, Vol. 14,No.2,Pgs.38-41

Copyright 1956, McGrow-klil! PIJII. CO.,

330West 42nd St., New York 36, N. Y.
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a

o.1- ‘!’’’’’”
) 10 100
..

Time”from Detonation to Idoke(hr)

FIG. 2. Approximate infinity dose to thyroid from
single intake of the 11$1and its tellurium precursors
from 10.OOD fissions. This figure is used with Toble

3 in the ‘preparation of Fig. 3

When ingestion or

it is important to b=

.

Time from detano!ion to htoke

3 –

prolonged Intake

2 “

1-

0 -’:.’ I I I ! 11111111111 t t , I ! I ! I II II ILIAJ

10 30 4050 100 200 30”4”” ~’5oo <.
Durotion of Intake (hr)

“i
., +---- .. . .

. . .. ..
<..

. ...— c., -- -

FIG. 3. Approximate relotive infinity dose to thyroid from short-lived I
isotopes and IISI far ~a~e of prolonged intoke. See Table 3 far somple

calculation of these curves

inhalation of radioactive fallout material occurs,

cble to estimate the dose received.

Here, for the case C: radio iodine, is a procedure for determining

-2 .- -,
-.

.. ,Oi .:.,. ..;..
;I!GSS~:unf% ,,,3: (;c) ;;; (xc.) (:’fj

._. —._— —- __— —..—-— ——-— -

131 30 hr
I

& min+ S.OW -+st~hle
132 -.5rein+ 77 hr + 2 .-I hr --+st~l>le

133 <lOrnin- COrein+ 2L hr + 5.3 day -+ st:~ble

134 <10 min + 43 min -+ 50.8 min + stable
15.3 min (Z1070)

f
125 <I rein-+ fi.ih?

\
9.2 hr+ 2.1 X 106Yr+ st~~)lc

Vol. 14, Na. 9- February, 1955



By GORDON M. DUNNING

Dirision of Biology and Medicine
U. S. Atomic Energy Commission
Washington, D. C.

.. .
10

[ 4

Single lntoke
z
-u

sCO, : 1132.
u.

:
.:

a.
z 0.1 z
o.-

:

0.0I I
OJ . .Lo 10 100. Ipoc

‘Time from Detonation’to lnt~ke(hr),’. ..., .+. . ... . . . . . ... . .. . .

FIG. 1. Approximate ratio of infinity dose to thyroid from short-lived radio-
iodhte isotopes and 113[ for case of single intake. See Table 2 for sample

calculation of these curves

Two Ways to Estimate

Thyi-oic! Dose km

~round the :Lc-
!wrsist for sornc-

tllc t-. s. Thus,
s1191t L..il(-):: l!+’>

-. i . . -.
A._A& _&

F.bruwy, 1956- NUC!.EC?NICS



1? = average energy of betm p~r-

ticlcs (llev)

Ii = 5.5 lI!OJl (:1 Const:lnt)

D, = infinity close (reps) to thy-
roid from .singlc I intake

D{ = tnhl i~ifillity d{)>e (rep) to
th~r(J~{l fI’OIU (XJ1ltill(ld hL-

t3kefromt=0 tot= w.

TABLE 2—Sample Calculations for Figure 1

1131 192 0.01-1
TeIsa 30 0.019
Tel$l~ ~.~~ 1.5
113? 2.4 0.026
Te11? 77 t). 056
1133 21 0.14
Tel,, 1 2.6
llJJ 6.7 U.ss
I(ali dwrt-lived;

230
49.4
54.3

5.-I
374
255
22Li
512

57.54
9.9*

13.61
().30

11.2’
4s.5i
43.01
61. Uk

0.20
0.20
0.20
0.52
0.52
0.45
0.45
0.30

11.5
1.9
2.7
0.16 0.01
5.8 0.36

21.8 1.35
19.4 1.20
18.5 1.15

----i .07

l’hls rras the solution

R,
A = ~ (e-itt – e-’L’~A*)4) (1)

,
Thus, a ntifj:~ing tl LCth~ rwi(I for its

1131Ictiiity, .+, at :my time, t, one c:m
figure back to the initial rate of intxket

R,.
2. Infinity 1“1 dose. ‘~11~ f[USIS to

infinity from 1131intoke on the first day
is

\
D. = K o- e-or+h’)r dt



R,?
0.37 = —-0-0204[&-’1.o8hL,:: _ ~-:.o.llr;,z:]

EXAMPLE: Human’ lnkddion

On May 19, 19.53 the highestcm~ccntmtionof~cti~it]in the air due to
fallout that hus ever been recorded in the L’. S., outside the A-evada Test
Site, occurred tit St. George, I.. t:th. It an~ou[ltcd to :\l)out 1.:; Kc/m3
tiverogd over 2.L hou!s. The kl~td r:ldi:itiou {lose to tl]c thyroi~is c,f ttw
people at St. George from inhalation of the isotopes of I is estinmted to be
0.302 rep as shown in the following tabular calculation.

S. L. \’itP. Miil.l! zz.....r!t.. XCLLC.0S1!512, SO.n
(] .,-,:.,
,.. . ,.. .

* lti{,io~icll half-life in .lIe~.ptl. j rr,id- i.
nbouc 3+ d:iys (;).

t s..-. it.., rnt,lo b T:tt,l.: 2.

Vol. 14, No. 9- February, 1956

Estimate of Radiotion Doses to Thyroid of Humans From Inhalation
....

Fission-
Time Arerage product Frcrd ion A&cd doeo

ajter Jia8ioft- acfi~itu of fiwion IW actiritu Infinity It~l /rem 8hort-

dttona- product oriainollg produrl reach inn dose 10 luwd I Total

!ion acliuit g retain ed Jhat is 11*~6 thvrm”d thvroid imtoprse infinity dose

(hr) (K/meter9 (w)” 70 (milliw) (r*fzP (rep) (rep)

2-7 4.0 12.4 o.lt3 5.00 0.0304 0.121 0.155
7-10 2.3 4.3 0.35 3.77 0.0230 0.074 O.(YX
10-14 0.62 1.56 0.47 1.s0 0.0110 0.0300.0-11
14-18 0.043 o.lfM 0.7 0.19 0.0012 0.003 0.004
1!3-30 0.014 0.105 1.1 0.29 0.0018 0.003 0.005—..

Totrr 0.302rep

EBased on 0.83 -n~eter$\hr air intake and wsnrning that 7570 of the activity will be
initially retained either in the lunKs or find its KW,” into the g~strointcstinai tract.

$ Based on assumption that 75 ~. of initial ir]take of both Tc precursors d 1131will
rprnain within bodj- until decayed to 1111.

c .%umin~ 25 Tc of initinl retention of I ls~ (either in lungs or gastrointrstitrnl tmct)
resches the th~”roid.

f Initial do+ rate = (.5.7!(0.2) (ALCof 1131per gr~m of t&ue) in reps per day. Infinite
{iwse = Inir,i7tl do-c r:ltej’i A, + h.).

$ From Fig. 1. \[ultiply thcw ratios by (x, +- x’,) /h, for I l:L ia m:]n.

TA61E 3—Sample Caicula!ions for Figure 3
.. -. .—. -.. —

.{ 1:
—. --———— --
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v. B. A Method of Estimating Ibses From Activity in a Water Supply

The value of 5 x 10
-3 mic~~cUries Ter mill.ilite~ at D + 3 days

afber a detonation has been set as an operatioul guide for activity

concentration in water: This may be evaluated in several ways, one

.
. of the most extreme being

. is stored and used as the

2200 milliliters per by

that water containing this amount of activity

sole supply for a lifetime at the rate of

but using the adult skeleton as a basis for

calculation). Based on this assumption the following calctitio- .

~e made as to resultant total doses:

Iawer large intestine “9.0 rads

(lesser doses to the other parts
of the G. 1. tract according to
Graph fOllc#igpage 43.

fi~oid 73.0 rads

EOnes ‘36.0 rads

The actual doses fmz :25 -use of a ncrmal water supply containing

this ZX.LIZ of iniziel xtivity, will be undoubtedly considerably

.
,... ,.. :.., . . .. .. ...

.’
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V. B. 1.

Assume:

A.

B..
.

c.
..

Il.

IX)S?ZSTO THE GAS~OHl%STn~ ~CT ,

About 22 PC of fallout activity at tfie of int~e will-restit

in one rad of dose to tbe lower large intestine.*

(~ X1O-3) (2200)= lJpcintieon D+3tiw

11
z= 0.5 rads to lower large intestine from the Il.PC intie

At a constant rate of volume
intake and an actitity intake

-1.2

decreasx accoru to the
rehtionship of (time) . , the

total dose from the third day on is (assuming 7’0years is

equimlent to the infinity dose)

~j-oo z 5 A3t3 where A3 z daily dose m the third day

‘3
s 3rd my after detonation

D3-00 = (5) (C.5) (3) = 7.5 rads

According to ....-===rence below the expected activity at times

earlier tha~~ ~ - 3 days (using the relationship (time)-1.2)

produce the S=Z.Sdose

the increased required actiflty to

to the lower large intestine, i.e.} if

‘till result in O.~ rads to the lower

?ki:i~ing the sane amount of water per

ur

7.5 + 1.5 : ~.O rads total foi ~ntja’ke f~OIil the begi~m.i~ of

ihe first day for a lifetime.

*“Cfiteria for EstabliSh@ ~ort Term Permissible Ingestion of
)?allout Material”, Dunning,’Gordon M.

To be published.

(Tllzpertinent E’apn f~~m this report is reproduced here.)
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..

E. Relative values of doses to the

upper large intestine and lower

reference below. me psrtinent

V. B. 2. DOSESTO TEE THYROID

sto~ti, small intestine) =d

large intestine are given in

grayh is reproduced here.

A.

B.

c.

According to references below 13.2 KC of intake are

required on D + 3 days to produce one rad of dose to

the thyroid from the isotope of iodine.

11= 0.835 rads dose to the thyroid from this o=
m day’s intake.

Surmnatingfrom the 1st hour for an infinity dose yields

about eigjhtrads total dGse to the thyroid.

Summattng according to the graph (reproduced here) of

refereme below, from the 1st hour for 70 yesxs yields

about ei@t rads total dose to the thyroid.

“Crizeria for Ss~~~-=---‘ “-’-$mg shar~ TennPermissib2e Ingestion of Fallout

Yiterid”, Du.zTin.z,>ordon M. To be.pubiished.

.. ~ ,.,. ,,. ...-..!. - ‘. .. . : - - . - - ,. .<-..-,

., .. .. .
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Step 1.

A.
.

.

B.

c.

V. B. 3. Ewes to the Bones=

Compute the total dose to an ‘organ from a daily
intake of constant

volti or mass but with the activiity intake decreasing according to

radiologic~ decay of’the isoto~.

‘lhedose (ignoring for the time any biologic~ decay) to the organ

Where: ~ =dose from any day% intake
R. =~ti~ daily dose rate

Xr =radiological.decay
T =number of days intake
~ =time in days (variable)

%“~(.e ‘h*-e ‘\T)

Zhe total dose (ignoring biologic~ decay) to the organ is:
Ro T

~ . ~ ~ ( e ‘~.r?’- e-\T) d?
o

~-,-.%-, ,2 --: -..
“ .,.-e: . . * L??Jt3.a:- ‘i ii-!J-‘- . . ,---- ,-

2., -.. ,.. A...,’....- :::-> ..
,,.; -- ,\_. d-,-

(U) (5. ? ~: 7-0-5=

3

-Wnder the conditions assumed here, that the water is stored and used as the sole
source of supply for 70 years, the strontium-90 content acccxu.ntsfor frost all

Li tit-ctJ:.:’:<:0s2.
., -45-
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